This study tests whether belief differences affect the cross-sectional variation of riskneutral skewness using data on firm-level stock options traded on the Chicago Board Options Exchange from 2003 to 2006. We find that stocks with greater belief differences have more negative skews, even after controlling for systematic risk and other firm-level variables known to affect skewness. Factor analysis identifies latent variables linked to risk and belief differences. The belief factor explains more variation in the risk-neutral skewness than the risk-based factor. Our results suggest that belief differences may be one of the unexplained firm-specific components affecting skewness.
I. Introduction
Under no-arbitrage assumptions, the price of an option equals the expected payoff under a risk-neutral probability distribution, discounted at the risk-free rate. It is well documented that risk-neutral densities, imputed from observed option prices, tend to be more negatively skewed than are the lognormal distributions of Black and Scholes (1973) . This negative skewness is linked by a oneto-one correspondence to variation in the implied volatilities across strike prices, as measured by the "slope" of the implied-volatility curve. Risk-neutral skewness and the implied-volatility slope capture the same underlying object, though measurement of the latter is subject to a number of known biases. 1 analysts' earnings forecasts, idiosyncratic volatility, and the EP ratio, and it appears to reflect investor belief differences.
Using the latent factor for belief differences as a cleaner measure than the individual proxies, we examine the relation between belief differences and riskneutral skewness. We find a strong relation between the skew and the belief differences factor, with stronger results than those produced in regressions using individual proxy variables. The latent factor for belief differences also explains more variation in the risk-neutral density than the risk factor. This is consistent with the finding of Dennis and Mayhew (2002) that firm-specific factors are more important than systematic risk in explaining the skew, and it suggests that belief differences may be the unexplained determinant of risk-neutral skewness described in their study.
The hypothesis that heterogeneous beliefs cause greater skewness in option prices is related to the price pressure hypothesis examined by Bollen and Whaley (2004) . Specifically, it is possible that belief differences simply cause investors to trade in ways that put pressure on option prices, moving them away from the price they would have if options were priced by dynamic arbitrage. It is also possible that belief differences cause equilibrium option prices to have greater skew in the absence of price pressure. To examine this, we look at the sensitivity of skewness to dispersion in beliefs as a function of the liquidity of the option. We find that skewness is more sensitive to belief differences for the less liquid options, but that the relation between belief differences and skewness holds, after controlling for option liquidity. This suggests that the effect of belief differences on skewness goes beyond the net price pressure suggested by Bollen and Whaley. The rest of the paper is organized as follows: Section II describes related literature regarding risk-neutral skewness. Section III develops hypotheses on the relation between heterogeneous beliefs and risk-neutral skewness. Section IV describes data and empirical methodology. Section V presents empirical results. Section VI discusses the empirical results, and Section VII concludes this study.
II. Related Literature
Some explanations of the volatility smile and risk-neutral skewness focus on violations of assumptions made by the Black-Scholes (1973) model. These violations include non-lognormally distributed returns or nonconstant volatility (Hull (1993) ). Hull and White (1988) and Heston (1993) suggest that the volatility smile reflects stochastic volatility. Peña, Rubio, and Serna (1999) show that transaction costs also affect the curvature of the volatility smile. BKM (2003) show that leptokurtic returns cause the Black-Scholes model to misprice OTM and in-the-money (ITM) options.
A 2nd class of studies focuses on the importance of firm-specific and systematic factors in explaining the skews in the risk-neutral density of individual firm stock options. Dennis and Mayhew (2002) find that volatility skews are affected by liquidity and market risk measured by beta and size. Duan and Wei (2009) find that higher systematic risk leads to a steeper implied-volatility slope. Skewness may also be related to a firm's leverage. As a company's equity value declines, leverage increases, the equity becomes more risky, and its volatility increases. Toft and Prucyk (1997) find that more highly levered firms have negative skews. Bollen and Whaley (2004) find that net buying pressure determines the shape of the volatility smile, which they attribute to arbitrage limits. For individual stock options, the shape of the implied-volatility function is directly related to net buying pressure from call option demand. Li (2007) develops a model of option pricing in an economy in which investors have different time preferences and heterogeneous beliefs about dividend growth rates. The pattern of the implied volatility depends on beliefs, time preferences, and relative wealth of investors. When pessimistic investors hold a relatively large portion of total wealth, the implied volatility exhibits a "skew"; when optimistic investors hold a relatively large portion of total wealth, the implied volatility exhibits a "smile." Han (2008) shows a significant relation between time variation in market sentiment and the slope of the volatility smile and risk-neutral skewness. Lemmon and Ni (2008) find that the time-series variation in the volatility smile slope is related to investor sentiment.
Recent theories suggest that belief differences among investors could affect option prices. Shefrin (2001) demonstrates that investor sentiment affects the pricing kernel so that the log stochastic discount factor (SDF) is U-shaped rather than monotonically decreasing, as assumed in standard asset pricing models. The U-shape in the log-SDF gives rise to a volatility smile. Ziegler (2003) shows that investor belief differences can impact equilibrium state-price densities. Buraschi and Jiltsov (2006) develop an option pricing and volume model in which agents have heterogeneous beliefs about expected returns and face model uncertainty. In their model, optimistic investors demand OTM calls, while pessimistic investors demand OTM puts. They show that heterogeneous beliefs about the dividend growth rate affect option prices and volume, and they produce a volatility smile and a negatively skewed risk-neutral density function. The implication of all 3 studies is that investor belief differences may affect option prices through the slope of the implied-volatility smile and the skewness of the risk-neutral density function.
III. Hypothesis Development
Our study seeks to examine the relation between belief differences and riskneutral skewness. While theoretical models provide a motivation for our empirical work, our empirical findings do not depend on the validity of any particular model. The most widely used proxy for heterogeneous beliefs in previous studies is the dispersion in financial analysts' earnings forecasts (e.g., Diether, Malloy, and Scherbina (2002) , Doukas, Kim, and Pantzalis (2004) ). Goetzmann and Massa (2003) show that differences in investors' beliefs are correlated with dispersion in financial analysts' opinions. Therefore, stocks with a greater dispersion in financial analyst earnings forecasts are expected to have more negative skews.
Hypothesis 2. Stocks with a greater dispersion in financial analysts' earnings forecasts have more negative skews.
Another common proxy for heterogeneous beliefs is stock idiosyncratic volatility. Shalen (1993) , He and Wang (1995) , and Biais and Bossaerts (1998) suggest a positive link between heterogeneous beliefs and volatility. Empirically, Harris and Raviv (1993) and Diether et al. (2002) find that stocks with a higher dispersion of opinion have higher volatility. Therefore, stocks with higher idiosyncratic volatility are expected to have more negative skews.
Hypothesis 3. Stocks with a greater idiosyncratic volatility have more negative skews.
Stock trading volume is also used as a proxy for heterogeneous beliefs by Harris and Raviv (1993) , Kandel and Pearson (1995) , Odean (1998) , and Hong and Stein (2003) . Since belief differences induce trading, stocks with more divergent beliefs among investors tend to induce greater trading volume.
Hypothesis 4. Stocks with greater trading volume have more negative skews. Diether et al. (2002) and Baik and Park (2003) find that investors' belief differences tend to be greater for small firms than large firms. Because financial analysts and the financial press tend to follow large firms, investors may have less information about smaller firms and therefore more divergent beliefs as firm size decreases.
Hypothesis 5. Small stocks have greater negative skews than large stocks.
In the equity market, shares of companies that are growing at an aboveaverage rate relative to the market or their industry are commonly called growth stocks. Growth stocks normally pay smaller dividends than income stocks. Growth stocks may therefore have greater heterogeneity in investor beliefs about dividend growth rates compared to income stocks. One common method to distinguish growth stocks and income stocks is the EP ratio.
2 Baik and Park (2003) find that stocks with lower EP ratios have more dispersion in financial analysts' earnings forecasts, consistent with the idea that growth stocks have greater belief heterogeneity. Thus, the 6th hypothesis:
Hypothesis 6. Growth stocks have greater negative skews than income stocks. Conversely, the EP ratio should be positively related to the skew.
If multiple proxy variables are related to heterogeneous beliefs, the underlying belief differences should be identifiable using factor analysis. If a latent factor for heterogeneous beliefs is successfully identified, we can estimate the factor as the linear combination of proxy variables using factor score coefficients. Therefore, our last hypothesis:
Hypothesis 7. The latent factor for heterogeneous beliefs is negatively related to the skew.
IV. Data and Methodology

A. Data and Risk-Neutral Skewness Measure
This study uses a data set from options traded on the CBOE from 2003 to 2006. 3 The data set contains daily option data including trading date, expiration date, strike price, last-trade price, closing bid and ask quotes, volume, open interest, implied volatility, and the underlying security price. We use the risk-neutral skewness metric of BKM (2003) and follow the empirical methodology of Dennis and Mayhew (2002) to construct the skewness measure. 4 We use trapezoidal approximation to estimate the integrals in the BKM (2003) measure of skewness with discrete option data. Using the midpoint of the closing bid and ask prices for each contract, 5 we compute the BKM skewness measure each day for the 2 maturities that are greater than 7 days but closest to 22 trading days. Equal numbers (at least 2) of OTM puts and calls for each stock for each day are used. In the sample, the average number of OTM puts/calls used for estimating the BKM measure of skewness is 3.4. A hypothetical option with 22 trading days to maturity is constructed using linear interpolation or extrapolation. We then average the daily skewness measures to obtain a weekly measure.
B. Explanatory Variables
We compute the weekly OTM open interest by averaging daily total OTM open interests over the week. Following Diether et al. (2002) , the dispersion in financial analysts' earnings forecasts is measured as the standard deviation of forecasts for quarterly earnings scaled by the absolute value of the mean earnings forecast. The data on financial analysts' earnings forecasts are taken from the Institutional Brokers' Estimate System summary history data set. Only the most recent statistical summary is adopted. To ensure that the forecast is current, only the forecast period of 1 quarter (forecast period indicator (FPI) = 6) is selected. Firms with a zero mean forecast or without a standard deviation are excluded. 3 The data are provided by deltaneutral.com. The data set is called National Best Bid Offer data set from Option Pricing Report Authority, which collects data from the CBOE. ITM option prices are checked, and bad prices are marked as irregularities in the data set. 4 Additional computational details are available from the authors. 5 Dennis and Mayhew (2002) discuss the bias introduced by the discreteness of the strike price interval. Most of our data have a strike price interval of $2.50 or $5.00, so bias is roughly the same for all of the observations in our sample.
Firms' financial ratios are constructed using data from the Compustat Industrial Quarterly File. Firm size is measured as the natural logarithm of market capitalization. The EP ratio is measured by quarterly earnings (Data 27) divided by the stock price. The BM ratio is the book value of common equity (Data 59) divided by the stock price. Stock return and volume data are obtained from the Center for Research in Security Prices. The idiosyncratic volatility is calculated by regressing daily returns over the last 200 days on the daily returns of the valueweighted index (including distributions) using the market model. We also obtain the beta from the regression and include it as a control variable because Dennis and Mayhew (2002) find a negative relation between the beta and the skew. Taylor et al. (2009) show that option and stock liquidity affects the riskneutral skew of individual firms. The daily trading volume of OTM options is used as a proxy for the liquidity of options. Taylor et al. use stock volume as the proxy for stock liquidity. Because stock volume is used in our study as a proxy for heterogeneous beliefs, we use an alternative measure of liquidity of stocks: the bid-ask spread of the stock closing prices, estimated daily as the (ask pricebid price)/ask price. Stocks with high liquidity are expected to have a less negative skew. In addition, leverage can affect the risk-neutral skewness as argued by Geske (1979) and Toft and Prucyk (1997) . The leverage is defined as the debtto-equity ratio, computed as the long-term debt (Data 51) divided by the market capitalization. All daily measures are averaged to obtain a weekly measure.
To consider how the risk-neutral skewness of individual stocks is affected by the market-wide factors, we also include a market volatility variable. To maintain consistency with our estimation of idiosyncratic volatility, market volatility is measured as the standard deviation of daily returns for the value-weighted market index (including distributions) over the last 200 days and then is averaged weekly.
C. Factor Analysis Methodology
We combine 7 proxy variables for heterogeneous beliefs to extract the underlying latent variable for heterogeneous beliefs. The factor model in matrix form is assumed to be
where z is the vector of standardized proxies, f is the factor vector with 0 means and 1 variance, Λ is the matrix of factor loading, and η is independent of the factor vector. The factor model implies that
The goal of factor analysis is to find Λ and Ψ that satisfy the factor analysis equation (2). Because the units across the 7 proxies vary by several orders of magnitude, using raw data leads to overweighting some proxies, because their scale makes them seem much more variable than other proxies. Therefore, the Spearman correlation matrix is applied, which is similar to standardizing the data by subtracting the mean and then dividing by the standard deviation.
We adopt 2 common methods for solving the factor analysis equations: the principal factor method and the maximum likelihood method. 6 We follow the common practice of rotating factors to facilitate their interpretation, which normalizes as many of the factor loadings as closely as possible to 0. We adopt the Kaiser (1958) varimax orthogonal rotation method, which ensures that factors are uncorrelated with each other. We then estimate the factor as the linear combination of proxy variables using factor score coefficients:
where S is the factor score coefficient matrix. The skew levels over our sample period are similar to those reported in Conrad, Dittmar, and Ghysels (2012) . They examine skewness over the 1996-2005 period, but their results are much more negative than the average skew reported by Dennis and Mayhew (2002) , derived over the earlier 1986-1996 period. 7 While not the focus of the current study, an interesting avenue for future research is to study the cause of increasing skewness of individual stock options, especially since 2003.
V. Empirical Results
A. Results Based on Proxy Variables
The average daily OTM open interest of our sample is 9,000 contracts. The average dispersion in financial analysts' earnings forecasts is 0.067. The average idiosyncratic volatility of the sample is 2.5%, and the average daily stock trading volume of about 683 thousand shares. Most stocks in our sample are of medium and large capitalization. Most small stocks do not have options or are not followed by financial analysts. The average firm size in the sample is about $1 billion. Our sample has an average EP ratio of 0.024 and an average BM ratio of 0.298. The average daily OTM option volume in our sample is about 230 contracts, while the average bid-ask spread of the stocks in our sample is 3.4%. The median leverage is 0.04, with a large number of firms in the sample having no long-term debt. Our sample has an average beta of 1.479. During our 4-year study period, the average daily market volatility is 0.7%. 6 A factor analysis initially requires suitable estimates of the communalities. The communality estimate for a variable is the proportion of the variance of each variable that is explained by the common factors. We choose one common approach to set the prior communality estimate for each variable to its squared multiple correlation of each variable with all remaining variables. 7 In the paper of Conrad et al. (2012) the dispersion of financial analysts' forecasts for quarter earnings, measured by the standard deviation of forecasts scaled by the absolute value of the mean forecast. IDIOSYNCRATIC VOLATILITY is the estimated standard deviation of daily stock returns using the market model for the past 200 days. STOCK VOLUME is the daily stock trading volume averaged weekly. SIZE is the natural logarithm of the market capitalization. EP is the earningsto-price ratio, computed as the quarterly earnings divided by the market price. BM is the book-to-market ratio, computed as the quarterly book value of common equity divided by the market price. OPTION VOLUME is the average daily trading volume of OTM options. LIQUIDITY is the stock's bid-ask spread, computed as the (ask price − bid price)/ask price. LEVERAGE is the debt-to-equity ratio computed as the long-term debt divided by the market capitalization. BETA is estimated by the market model for the past 200 days using daily data. MARKET VOLATILITY is the standard deviation of daily returns of the value-weighted index including distributions for the past 200 days. Table 2 presents the correlations between variables of interests. The skew is positively correlated to option volume and negatively correlated to bid-ask spread, indicating that high liquidity in either options or stocks leads to less negative skews. This is consistent with the finding of Dennis and Mayhew (2002) . The skew is negatively correlated with leverage, supporting the leverage argument that stocks with high leverage have more negative skews. The negative correlation between the skew and beta is consistent with the findings of both Dennis and Mayhew (2002) and Taylor et al. (2009) . The correlations between the skew and proxies for heterogeneous beliefs also have their predicted signs. The skew is negatively related to the open interest on options, dispersion in financial analysts' earnings forecast, the stock's idiosyncratic risk, trading volume, and the BM ratio, while positively related to firm size and the EP ratio. These correlations imply that firms with greater divergence in investor beliefs have a more negatively skewed risk-neutral density. Also, the skew of individual stocks is negatively related to market volatility, suggesting that the risk-neutral density for individual stock options is more negatively skewed when the market is more volatile. 
where SKEW is the skew of the risk-neutral density for the firm, OPTION VOLUME is the trading volume of OTM options, LIQUIDITY is the bid-ask spread on the firm stock, LEVERAGE is the debt ratio of the firm, and BETA is the firm's beta on stock returns obtained from the model. PROXY is 1 of the 7 variables representing heterogeneous beliefs: including OTM open interest, the dispersion in financial analysts' forecast, idiosyncratic volatility, stock trading volume, firm size, and the EP and BM ratios. The cross-sectional regressions generate 208 weekly estimates of coefficients. The time-series averages of each coefficient with Newey-West (1987) t-statistics are reported in Table 3 . For reference, column (1) includes only control variables. The skew is positively related to option volume and is negatively related to the bid-ask spread, implying that liquidity in either stocks or options reduces the skewness of the risk-neutral density. The skew is negatively related to leverage, supporting the asserted effect of leverage on option prices. The negative coefficient on beta indicates a negative relation between the skew and systematic risk, consistent with the findings of previous studies.
To test our 1st hypothesis, open interest on OTM options is added into the regression. Column (2) shows that the coefficient on open interest is significantly negative (−2.478), supporting the hypothesis that stocks with more OTM option open interest have more negative skews. Column (3) shows that the dispersion in financial analysts' forecasts is significantly and negatively related to the skew, supporting our 2nd hypothesis that stocks with greater divergence of opinion have more negative skews. Column (4) presents the significantly negative coefficient on idiosyncratic volatility, indicating that stocks with larger volatility are associated with more negative skews, supporting Hypothesis 3. This result is consistent with Taylor et al. (2009) but contrary to Dennis and Mayhew (2002) .
The negative coefficient (−0.055) on stock trading volume in column (5) shows that stocks with higher volume have more negative skews. This result is consistent with Taylor et al. (2009) but again contrary to Dennis and Mayhew (2002) . Both of those studies use trading volume as a proxy for liquidity, but in our regression liquidity is already controlled for using the bid-ask spread. Thus, after controlling for liquidity the stock volume captures the effect of heterogeneous beliefs. The regression results thus support Hypothesis 4. Also as predicted, small firms have more negative skews than large firms, while growth stocks (low EP ratios) have more negative skews than income stocks, as shown in columns (6) and (7), supporting Hypotheses 5 and 6, respectively. Small firms and growth
TABLE 3
Cross-Sectional Regression of Risk-Neutral Skewness Table 3 presents the time-series averages of the coefficients from weekly cross-sectional regressions using the BKM (2003) risk-neutral skewness, described in the text, as the dependent variable. The sample includes weekly observations during the period from Jan. 2003 to Dec. 2006 . Newey-West (1987 t-statistics (in parentheses) are reported. All variables are defined in Table 1 . ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
Variable
(1) (2) (3) (4) (5) (6) (7) (8) stocks are subject to a greater divergence of opinion among investors. The results support the argument that stocks with greater belief heterogeneity are more negatively skewed. The skew is negatively related to the BM ratio, as shown in column (8), suggesting greater negative skew among value firms. We further combine all proxy variables into the cross-sectional regressions. The coefficients of the variables retain their predicted signs, although multicollinearity reduces the significance of the coefficient on idiosyncratic volatility. The mean adjusted R 2 increases to 16.74% from a range of 5.37%-8.69% in the regressions that included only one proxy variable.
Following Dennis and Mayhew (2002) , we also estimate a pooled crosssectional time-series regression to explore how skews of individual firms vary over time and are affected by market volatility. Market volatility and a lagged skew are included in the regression as additional explanatory variables. The results are reported in Table 4 . The skew of individual firms is negatively related to market volatility. Our results are consistent with the results of Dennis and Mayhew (2002) and Taylor et al. (2009) . Including the lagged skew in the analysis significantly increases the explanatory power of the regression to about 70%. The sign and significance of the estimated coefficients for the firm-specific variables remain the same as the cross-sectional estimates reported in Table 3 (exceptions are the liquidity and market volatility variables, whose coefficients become positive or insignificant due to the multicollinearity described earlier). Table 5 presents mean and median skews for quintiles sorted on a particular proxy for heterogeneous beliefs: open interest, dispersion in financial analysts' earnings forecasts, idiosyncratic volatility, stock trading volume, size, the EP ratio, and the BM ratio. Panel A of Table 5 shows that the quintiles of greater dispersion in financial analysts' earnings forecasts and higher idiosyncratic volatility have more negative skews, while the small capitalization quintile, low EP ratio quintile, and higher BM ratio quintile have more negative skews. The skew differentials between the highest and lowest quintiles are statistically significant, consistent with the argument that firms with greater investor belief differences have more negative skews.
The skewness-ranked quintiles for open interest and stock volume do not appear as a monotonic trend but exhibit a kind of U-shape in the skew. Both open interest and trading volume are highly correlated with firm size, as indicated by the high correlation coefficients reported in Table 2 . Hence, it is unclear whether or not the pattern reflects a size effect. In order to remove the size effect, we run separate regressions for open interest and stock volume on firm size and obtain residuals from each regression that are orthogonal to firm size. Stocks are then sorted into quintiles based on the residuals. Results presented in Panel B of Table 5 are consistent with Hypotheses 1 and 4.
Each of the belief proxies utilized previously is at best a noisy measure of investor beliefs. For example, stock trading volume is also used to proxy for liquidity, while size is also used to proxy for systematic risk. If the observable proxy variables for heterogeneous beliefs capture the unobservable differences in beliefs, a latent variable should be identifiable. The latent variable will be a lessnoisy measure of heterogeneous beliefs than the individual proxy variables. 
B. Results of Factor Analysis
We apply factor analysis to the Spearman correlation matrix of the 7 proxies for heterogeneous beliefs because of the different scales of the variables. The factor analysis produces 2 factors using either the principal factoring or maximum likelihood method. The factor extraction criterion is that the cumulative proportion of common variance is greater than or equal to 1. Results for the principal factoring method are presented in Panel A of Table 6 . The factor pattern shows that the 1st factor is highly and positively loaded with open interest (0.75), stock volume (0.79), and size (0.91), while negatively loaded with dispersion in analysts' forecasts (−0.30), idiosyncratic volatility (−0.42), and the BM ratio (−0.31).
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These factor loadings are consistent with the presence of an underlying size factor because large firms tend to have more option open interest and higher trading volume but less dispersion in analysts' forecasts and less idiosyncratic volatility.
9
This factor explains about 71% of common variance.
TABLE 6
Factor Analysis Table 6 presents results of the factor analysis. Panel A presents results using the principal factoring method, and Panel B presents results using the maximum likelihood method. Each proxy variable is standardized by subtracting its mean and then dividing by its standard deviation. The prior communality estimate for each variable is set to its squared multiple correlation of each variable with all remaining variables. Varimax orthogonal rotation method is employed to rotate factors.
Factor Pattern
Factor Score The 2nd factor is highly and positively loaded with open interest (0.37), dispersion in financial analysts' earnings forecasts (0.38), idiosyncratic volatility (0.57), and stock volume (0.33), but negatively loaded with firm size (−0.15), the EP ratio (−0.49), and the BM ratio (−0.15) . This factor captures the characteristics of heterogeneous beliefs, as all the loadings of proxy variables (except the BM ratio) on this factor have their predicted signs on heterogeneous beliefs. Open interest, dispersion, idiosyncratic volatility, and stock volume have positive loadings on the 2nd factor, consistent with the prediction that stocks with greater belief differences have larger OTM option open interest, greater dispersion in financial analysts' earnings forecasts, higher idiosyncratic volatility, and more trading volume on stocks. Firm size and the EP ratio have negative loadings on the 2nd factor, consistent with the idea that small stocks and growth stocks generate more heterogeneity in investor beliefs. Our results show that the BM ratio is negatively related to heterogeneous beliefs, also implying that growth stocks have more dispersion in investor beliefs than value stocks. The 2nd factor explains about 29% of common variance.
Panel B of Table 6 presents results of the factor analysis using the maximum likelihood method. As with the principal factoring method, 2 factors are extracted. The 1st factor measures firm size, is related to systematic risks, and explains 71% of common variance, while the 2nd factor is associated with belief differences and explains 29% of common variance. To estimate a latent factor for subsequent analysis, it is necessary to assign a value for each latent factor. We use factor score coefficients to estimate each latent factor as a linear combination of the proxies.
C. Results Based on Latent Factors
The correlation between the skew and factor 1 (size factor) from the principal factoring method and the maximum likelihood method is 0.09 and 0.11, respectively. Fama and French (1992) argue that firm size is a priced risk factor. Thus, our results suggest that systematic risk may be an important determining factor for variation in firm-level risk-neutral skews as proposed by Duan and Wei (2009) . The correlation between the skew and factor 2 (heterogeneous belief factor) is −0.25 and −0.24, respectively, confirming the negative relation between belief differences and the skew of risk-neutral density for individual firms: The greater the belief differences, the more negative the skew.
To tell whether the latent factor for heterogeneous beliefs does a better job of explaining risk-neutral skewness than individual proxies, we use the estimated latent factor to sort stocks into 5 quintile portfolios. The mean and median skews are reported in Table 7 . Stocks with a greater magnitude of the latent factor for heterogeneous beliefs (factor 2) have more negative skew, supporting the argument that stocks with greater belief heterogeneity have more pronounced volatility smiles. The differential skews between the highest and lowest belief heterogeneity quintiles are significantly different from 0. Quintiles sorted on the latent factor 1 do not exhibit a monotonic pattern in the skew.
We also conduct a cross-sectional regression of the skew variable on latent factors and report results in Table 8 . Factor 1 is positively related to the skew, consistent with previous results that small firms (or risky firms) have more negative skews. Factor 2 is negatively related to the skew, also consistent with previous results and supporting the hypothesis that the latent factor for heterogeneous beliefs is negatively related to the skew. The absolute value of t-statistics for the coefficients of Factor 2 is relatively larger compared to that of proxies for heterogeneous beliefs given in Table 3 . The latent factor has a stronger relation with the skew than the individual proxy variables. The adjusted R 2 is also higher relative to the adjusted R 2 of regressions on any single proxy. These results indicate that the latent factor is a less-noisy measure of heterogeneous beliefs. Also, the heterogeneous belief factor explains more variation in the risk-neutral density of individual firms than the riskbased factor (factor 1), consistent with Dennis and Mayhew (2002) , who suggest that firm-specific factors are more important than systematic risk in explaining the skew. When both factors are included in the regressions, the coefficients on factor 1 change sign and become less significant. This may be due to the multicollinearity problem: Factors 1 and 2 are both correlated with the liquidity in both options and stocks.
In addition, we conduct the pooled cross-sectional time-series regression of the skew using latent factors. Table 9 presents the regression results. The signs and significance of both factors are the same as the cross-sectional results. Market volatility becomes insignificant when the latent factor for heterogeneous beliefs is included in the regression. This may be due to the correlation between the belief differences and market volatility: Investor belief differences tend to be greater during a period of higher market volatility.
TABLE 9
Regression of Risk-Neutral Skewness on Latent Factors Table 9 presents pooled regression results of the BKM (2003) risk-neutral skewness on selected control variables described in Table 1 , and the latent factors reported in Table 6 . Newey-West (1987) corrected estimates and t-statistics (in parentheses) are reported. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
Variable
Principal Factoring Method Maximum Likelihood Method
VI. Discussion
The hypothesis that heterogeneous beliefs cause greater skewness in option prices is related to the price pressure hypothesis examined by Bollen and Whaley (2004) . Specifically, it is possible that belief differences cause equilibrium option prices to have greater skew in the absence of price pressure. It is also possible that belief differences cause investors to trade in ways that put pressure on option prices, moving them away from the price they would have if options were priced by dynamic arbitrage. To examine these 2 possibilities, we look at the sensitivity of skewness to dispersion in beliefs as a function of the liquidity of the option.
Using option trading volume as a proxy for option liquidity, we sort options into quintiles based on liquidity. Within each quintile, we test the relation between heterogeneous beliefs and the skew. From Table 10 , we see that skewness is more sensitive to belief differences for the less liquid securities. But the relation between heterogeneous beliefs and skewness still holds after we control for liquidity, as shown in Tables 3 and 4 . This result suggests that the effect of belief differences on skew goes beyond the net buying pressure suggested by Bollen and Whaley (2004) . Another issue, tangential to the main focus of our paper, is the relation between leverage and skewness, which has been disputed in the prior literature. Toft and Prucyk (1997) report a negative relation between leverage and skewness, while Dennis and Mayhew (2002) find that this relation disappears after controlling for other factors. The results throughout our analysis are generally consistent with Toft and Prucyk, supporting the hypothesis that firms with more leverage have more negative skews. One exception to this is in Table 4 , where we find a positive coefficient on leverage. This particular result could be driven by the multicollinearity between leverage and the BM ratio ( Table 2 reports that the correlation is 0.657).
10
Overall, the negative relation between leverage and skewness is somewhat sensitive to model specification and how the skew is measured. We view this result cautiously, and since it is not the focus of the current paper, we leave a more definitive examination of the relation for future work. Buraschi and Jiltsov (2006) show that belief differences can affect the skewness of the risk-neutral density function. We find that stocks with greater belief heterogeneity have more negative risk-neutral skewness. Small stocks and stocks with low EP ratios have more negative skewness than large stocks and stocks with high EP ratios, respectively. Risk-neutral skewness is correlated with OTM option open interest, the dispersion in financial analysts' earnings forecasts, idiosyncratic volatility, and stock trading volume, all of which are widely used proxies for heterogeneous beliefs in literature. More generally, our results support the hypothesis that belief differences help explain the cross-sectional variation of risk-neutral skewness.
VII. Conclusion
This study also uses factor analysis to identify a latent variable that represents heterogeneous beliefs by combining variables frequently used as proxies for heterogeneous beliefs: option open interest, the dispersion in financial analysts' earnings forecasts, idiosyncratic volatility, stock trading volume, firm size, and the EP and BM ratios. Factor analysis also identifies a factor linked to systematic risk. The belief factor explains more variation in risk-neutral skewness than the risk-based factor, which supports the argument of Dennis and Mayhew (2002) that firm-specific factors are more important than systematic factors in explaining the cross-sectional variation of skewness. The impact on option prices goes beyond the net buying pressure argued by Bollen and Whaley (2004) . Our results suggest that investor belief differences may be the unexplained firm-specific factor that impacts the price of stock options.
